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Abstract

Aims Improved understanding of tree growth responses to climate is needed to model and predict forest ecosys-
tem responses to current and future climatic variability. Coniferous forests in Wolong National Natural Reserve
occupy broad elevational ranges with varied geology and topography and thus have great potential for dendrocli-
matological studies. However, little is known about the growth-climate relationships in this region compared with
the nearby Tibetan Plateau. Our objective was to determine the main climate responses in diameter growth and
examine the regional climate variability within this ecological complex area.

Methods We used standardized dendroecological methods to study the effects of climatic variability on radial
growth of a subalpine conifer, Abies faxoniana, which is the dominant and economically most important tree spe-
cies in this region. We sampled 58 stands of A. faxoniana in a treeline site (3 450 m) and extracted increment
cores for radial growth analyses. Several statistics were used to identify common patterns of interannual growth
variability, and correlation and regression analyses were used to identify climatic factors associated with that
variability.

Important findings The main limiting factor for tree growth was temperature in summer (June to August), fol-
lowed by temperature in early spring (March), relative humidity from June to September of the current year and
precipitation in October of the prior year. The summer (June to August) temperature reconstruction, spanning A.D.
1850-2008, was verified with independent data and accounted for 28.8% of the actual temperature variance dur-
ing the period in common period (1955-2008). The most obvious characteristic of the reconstructed temperature
was a significant warming trend after the 1940s. Before the 1940s, the climate of this region was consistent cold,
with cold intervals in the 1850s—1870s and the 1890s—1930s. Because the low-frequency variation of the recon-
struction agreed with previously published tree-ring proxies (ice cores of nearby glaciers), it appears that our re-
constructed series was reliable and could aid in the evaluation of regional climate signal. Wavelet spectral analysis
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indicated the existence of some decadal (10-16 years) and interannual (2—8 years) cycles, which probably are as-
cribed to solar variability and El Nifio-Southern Oscillation (ENSO), respectively.

Key words temperature reconstruction, tree ring, western Sichuan, Wolong National Natural Reserve
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Fig. 1 Location map of tree-ring sample sites and meteorological station in the Wolong National Natural Reserve of western Sichuan,

China.
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Fig. 2 Variations of mean monthly temperature (‘C) and pre-
cipitation (mm) of Dujiangyan meteorological station in west-
ern Sichuan from 1955 to 2008.
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Fig. 3 The standard tree-ring chronologies of Abies faxoniana in Wolong National Natural Reserve of western Sichuan, China.
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Table 1 Site information, chronology statistics and results of
common interval span analysis of standard tree-ring chronology
from Wolong National Natural Reserve, western Sichuan of
China
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Fig. 4 Correlation and response function analysis between climate (mean, maximum and minimum temperature, precipitation and rela-
tive humidity) and tree-ring chronology of Wolong National Natural Reserve, western Sichuan of China. Bar diagrams are the results of
correlation analysis and line graph is the results of response function analysis. The dashed lines represent significant effects (p < 0.05) for
correlation analysis, and the asterisks above columns represent significant effects (p < 0.05) for response function analysis.
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T2 I B, A A i FE VA AR RS R AR TR I 3,
1850-18534F. 18654, 19004, 19054F, 19074F.
19184E. 1922-19244F. 19314EF11937-19384F; 7E
XA I B A A (P B Ak -~ 3 %0 {1 (23.85
CTHYLA L, FEAAMAEIS614E . 187118734,
1882-18874F. 1890-18924FA11912-19134F, [A]H,
N B A W B e X AR 20t 20404 4R LA
Ja, AR R T ARRE, Hr1943-19774E £
150 22 4F 2K e by i 2 (1 I8 30 3 25204 5 kil 2 1)

Table 2 Leave-one-out cross-validation statistics of climate-growth model for climate reconstruction in Wolong National Natural

Reserve of western Sichuan, China.

r R’ R RE CE ST PMT DW
KEHE Calibration 0.536 0.287" 0.273" - - _ _ _
B4IF Verification 0.493 0.243" 0.227" 0.241 0.223 38+/17-" 3.841" 1.645

CE, 3% 54, DW, Durbin-Watsonfi; PMT, JeRBUFEIERLS; r, HOCREG R, MR, Ry, WS 2R RE,

R ZE; ST, FF5R%. *, p<0.05.

CE, coefficient of efficiency; DW, Durbin-Watson test; PMT, product mean test; r, correlation coefficient; R, explained variance,
Rzadj, adjustment explained variance; RE, reduction of error statistic; S7, sign test. *, p < 0.05.
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31 BWAREKESEEZXANER

WK, AR B AR AR K 32 B2 5 - IGR
14 Hl(Komer & Paulsen, 2004), AH3<53 B Al [
PREI W, B X B AR T H (68 H)
UL JSE ) ) 5 2 L LA DR e B b 2%, Xk — ARk

T 5 203 B 0] 1 AR A7 B AR A A g 4 ol 1 5
M) o 3 2 ST WA 2B K (1) BRI A FH A 1 7 %
LR b X A5 3 T80, Qv e SR K 1L
YE AL )P = A2 (Picea balfouriana) W AR5
MR R RT F SRR m W15 (6 H 40) 1738 5 i <
IR T MRS 44, 1999; Z& T A42%4%, 2008);
LA (2005) KT, )1 P4 /N4 3 DX 1y LR (Pinus
densata) IR R F B B F(6-9)il S 62, IF
SR FH v LR (8 85 K% B e 1) i g 1 e s i 3 A
KRR L, Fan®F(2008) WA FH PG LA I LU X 22
A2 (Picea brachytyla) IR A MR 2 T iz X i
FL2504F R MR IE =1 (4-9 A IFRE i sh . E R
RERHEAE B0 T B AT LI X (Liang et al., 2008)
1 4< P (Bréuning & Mantwill, 2004) IR A4 K H

A EEEREEH . B TR AR K i A HE
(RN B, B A R TG R, A=
FEA =T RARI A, 2 X 5 i < kL
[V AE IR, BB ZEAROR, BRAR T PR FE, 38 ik
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Fig. 7 Wavelet analysis of the reconstructed series in Wolong National Natural Reserve of western Sichuan, China. A, The recon-
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TR TR RN, AL RE T A 1 A2 K
(Tranqulllini, 1979). 52 Ak, EFRRANGEMA
LW AR TE A A IR P PR K7, T HaR ik T AR
TR, BRI TR K e e, BT
HEAC LA RARZ AL AR K 2 D1 (E IR A4, 2005), 1%
AR MR IR A I B R K. AE R 569 H
A AR B 7R DG 1) G 2R A1 TR) 2 s et B 2= U
JERS T ARAA B BRI PEAE T, 6-9 H 4y 22 b e i
DX g R R PRI 30, B R R AR AN, T LA
3000 mPA L (il DX BIOR 55 SRR iy IX A I
HHAR R0 2 [ 2 el R BH G BB, M A4 52 2
Uk BE A G, B AR R HT IR & A7 AR S B2 R
e, B PR T B AR P42 1) 2E K (Komer, 1999; X
W JESE, 2002).
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FP B HE DX PR AR AR K AR AR KRR BE 52 21453
AR . AR EEE, B R A s
PR KR BON B 49 H Ay, KR E =
1) v RoKs B e M R AR B T G 0 e, A
J5£ AR v R AR T 2 v Bl B A AN B 3 AR
Ak, T AH Y M KA 1 AR K, AT R
(K (ZE AL, 1996; F 4%, 2003). Y34k, MEATR
AR K 5 AR B (11 2158 41 DR
MFAHCR R, R EA—EWAERE . AR
(P RAEHO XA TV AR ERAT B, IR =i (FE3 000
mbLF), &Z=8K HiR WIS, AR LT
FEVR I W, 2 Al RE Ay i B P R R AR BB K, I8
AJ e A 458 R &G T BURM AR R IR IE, 38 CRAE
GRS, HAFMARAKINGE 5, B a2 4
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#(Rolland, 1993; & LEILAIZ=YL X, 1999; Pederson
et al., 2004). &€ 1w BEVO I, Bl 00 T
B KA 1 AN B, B 7K B AR AR K ) R A
FARZ DIk 5, FEARMR LB, 05 AR KO AR
A K R W A 3 B (Fritts, 1976; Komer &
Paulsen, 2004). A FE A R4 s P48 205 41 B
A5 IR RS 5 AR SS, RN 5 K210 H
BB A A IEAH R R . ZAEKERR & 208
B AR AE b, (A RRREAT — i AR,
IE ISR R 2 A R TR R Z RO E 1), ok
EHRFERBZENRME Z 955, 5— 5, &
75 70 i () B K T LA i S KR, IR 4R
A KB Z 7K 43 (Thomsen, 2001; Cleaveland
et al., 2003).
3.2 ERFYIRIG EIK T

BT TR E e A1) S TN e b
Dk 25 1594 1) 5 2Rt B U 3 g o, 1 P A A
SEBR RN AE RS B35 HAG 5 14 9 B e 3 (&
6B). HETHI NN B REAE & F 201H 2240
AR LUK ) B 3 THEL R, BLUAR B b X (i )%
2070 -ANZ JE W W, EE A AE201H4080
SEARFNQOAFARKITE B T — AN I B AFDGS (i EK 114 BT 341,
2 J5 R B ST B BT, (R T 25 R
JE b, 20t T s I T e R AR W . X
52 B 100X [ i 52 (i (B FF J0T R 18 77 6 A g 0o B,
A e A2 A ERAR B AL 12 10 X I AR A EL . ERS
158 A5 B 2 20 TH 20 R AE A BRIA B AR 46 J7 11 1) fe 4y
B FEPE o R A ERAR L A e ) AR P 5 i e
T B A0 DA 2 AP i s R A AR B R I (%
BEEE, 1996); KT R R BT 1 X 70 24N,
ki %HE, LiuFChen (2000)% FL, 7£1955-1996
SEIXANI TR B, X () 5 20 R A2 - Y
104F - 710.09 CHI0.32 °Co #HI 4577 i i I
b DX 2 T AL AR Ak I UK AR R MY 26 A AR
INAE R L9201 2040 AR LLG, AU Pl il 22 4,
BN I 25 T 4 SR i Ay ek 1B 1 I 3 (kA AR 5
2006); i e JRUAR B 1) R R UK (R R 1l
UK ML KK )T DT A ok ) 1 A
T AR e BT LUK ) IR HE R PR R B, £E 20140
S WX ek N4 LT B R S IR, XAk SR
RAERTHER T S B (T TR S, 2003). HHIEAT UL,
il b [X 20 TH 20 v i 30 119 108 325 A0 1 94 5 7 R o

JEUHE DS UK A SR T BE R s BT IR 1)
XN ER, XUCH] T AHEIT A BB AR R AR BT 4R
7 B AR A B iR s (AR

HE P RoR, £ Eoh W SR I ] AR
FE19THZ0904E AR RI20 1 28 W H(1890-19424F), FF4k:
I T IA 534 o TXANTEVR I S 7E BRI Ml DX PRI 8 5
B A PRI, s T8RS A& B X
ERMPRL R A, T AR (2008) K
PUH 7 SUAE1911-19405F A7 AL — AN 2 35 IO FE VR I
;BT R LU DX RS BRI B R 41, Fans
(2008) 1, 2 W] A A2 20 2L W SAF A5 AN FEV IR
(1910-19204FEF11930-19404F), {H )& 5 AFHIH L,
FEVL SR AN SN #8595 . Sidh, SR
X AT R DT 1L E R VA DK 1 41 1910-19304F K 34
FELEIHERE (] JE DA, 2003), IX R I 24 N i 1E Ak
TR R FER I, X Y BN R TR
IR AR S AW S 1) . AR R, S
ABAE 18501870 AR [y T — U A W S (R €%
NS, AN FEVA IR I ) 1 VY g i AR T L DX g
BORL ARt 244 A (0 AL (R 5 M AV S 4, 1999;
Fan et al., 2008),
3.3 EREFIIRIEEAFHE

NS AT R T R AR TR S A S )
BEIS TR Ak o T AR AT i) /N B Morlet 6, 5%
AR 56 T 20 A, R 2K 5% (Tor-
rence & Compo, 1998), F M A FF 117N 43 BT R
J7(http://ion.researchsystems.com) 5 il . /N 7 M7 45
AW Ty 41 g Wk 1) A 2-8 4 ¥ A U1 (1¥1 7B),
Kb T 22N B 2R JE Wi - 1 7 V5 3l AR 3R 48 (Nido/
Southern Oscillation: ENSO)¥% sl i #(2—-84F )Y [l 4
(Ropelewski & Halpert, 1987; McPhaden et al.,
2006). CHWIFTERW], ENSORZH LR JE i (El
Nifio) FIH7JE I (La Nifia) = {0 1= DY N R TARRFAE
RMVTES), ERA SR TG —E R (H Rt
A2, 1994), Bt LU 51 109 2-8 4 1) J 3 7 g 2
ENSOX 121 DX B AR A Ji] 01 52 W) PO A TR o 3t
Fe 510165 i 1 WIAR A5 ] REJ& ARBH 36 3~ 114E 42
IS B A TR, K B Sl 5 55 101 51 A2 1k
B 3t DA AR TR R AU R G0 B35 5% R (Rind,
2002),

AN T A SRR W, FIR I R S T A ]
JUZ LRRATEER), T T2 PR B b
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2-84F I J WA 4 = 2 4 b 7E 18601870 4F |
1900-19304FFI19704F 22 4>, M 10-164F 11 J& Jif5 5
FZAAE1900-19304F (B 7 BT E6 7). A
RIR, JEI S 5 150 1 B B3 S 4 ot P58 8 9 e A
BB, RO IEA I, X R T
ENSOFFFI K BHIE s HCA S 2L 2 1 A S
SN 117 1880—18904F F11940-19704F, /& (I 4E
bRy sl V2%, X e AR BE I 1], ENSOS % &
258 F1 K BH 8 81 1] BE 763X 28 1 3 P4 4 55 FH G RS
PRS-

5 45t

DU T ER 0 DX AR 287 F5 11 DR YL V4 A2 TR 6 A=
AR AR AT i 3 LA &, SRR AR A ) 2 K
(1) 2 L PRI A e AR (6-8 HAMHRE - 74k, H23
AU &1 H 2258 421 A DL Z=10
A7 TR B R AR A KA AT — s (1 BRI s o T
b 5 2= P e A1) v DU Y, i X A it 26159
SER UL ED B LU AT W (2 7E19404F LART, Mk LA
FEL N E, FEERFEA I A 1850-1870 4F Al
1890-19304F; 7E 19404 LAJS, (15 W ikt T2 g,
o1 1943-19774F /& 1 25 150 2 45 K By 83 08 11
o FEEFHNR NI R, BB A2-8
EFIT0-164F 1 A, X I g5 H i ATAENSO
Sk RGEFUK BTG S A — 5 MR, XX
by DX PR i I B 52 A BROK RUBE A AR AL I — JE 5%
M o

MREAE A AR MR B A 1 B 5, AT i 9E
A P I AR, TR LT Ak P R R ) R A
B, R RS R AR A G R IR AR I BT
(Komer & Paulsen, 2004), 5T, WFFERE ST
o0 S LT S B0 A BR M SR AR B MR A S R
LR RE A2 0 A S S 2 —(Lloyd &
Graumlich, 1997; Villalba ef al., 1997). AHF5TH
5 2RI AR, BR e DR £ AT B R AR A
KR EEAE 204l R W B BT, xR
A GRS 1T AR AR R R AT AR5 TR R
PRI, TSI G TR T L) bR Hh X (1
¥ BB IE 92 (Briffa et al., 2004; Biintgen et al.,
2006; Mann et al., 2008), T34k, AR (MR =
JE I T AR T 7 3 B, 2020 DK iy LLbk 2k
() B e P8 3 A AN [ R BE 1R T ¥ (Graumlich, 1991
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Ogden et al., 1997; Kullman, 2001), iR & IMA
[ (%) 77 T 15 W 200 PR Uiy S e W Tl o 7 Ry
A ¥E H O, BT D’Arrigo  (2008) Al Biintgen %%
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2005; Z& 7 /E4%, 2008). PG LT X (Fan et
al., 2008)F175 ik = i 1) 4% B9 4 (Bréuning & Mant-
will, 2004), K& T-B 56 BORL 1R H @ 51 7220 1
LAMEEA THEAES, [ E201HE2060-804- 4K H
LT A B S Rt B i 0K PR IR 390, 17720 1H: 226080
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FRA AT P AR EE, X AT RERIRAS, A5 4 B IX
IR AR AR AR T B TR R A0 A 3 il X
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B DA 27 DA RIK L8l X B AR AR K6 T AR
A 735 1R M 87 P 2% [1) S5 O PR AR AE
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